Europaisches Patentamt 
^J^jj European Patent Office 

Office europeen des brevets 



liiiiililfiliiiliiliiilli 
(11) EP 1 154 483 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

1 4.1 1 .2001 Bulletin 2001/46 



(21) Application number: 99929740.1 

(22) Date of filing: 07.07.1999 



(51) lntCl7: H01 L 27/00 



) International application nunnber: 
PCT/JP99/03675 



(87) International publication number: 

WO 00/02434 (20.01.2000 Gazette 2000/03) 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
IWC NL PT SE 

Designated Extension States: 
AL LT LV WIK RO SI 

(30) Priority: 08.07.1998 JP 19304798 

(71) Applicant: Hamamatsu Photonics K.K. 
Shizuoka-ken 435-8558 (JP) 



(72) Inventors: 

* MIZUNO, S., Hamamatsu Photonics K.K. 
Hamamatsu-shi Shizuol(a-l<en 435-8558 (JP) 

• YAIWAKAWA, H. Hamamatsu Photonics K.K. 
Hamamatsu-shi Shizuol<a-l<en 435-8558 (JP) 

(74) Representative: Brown, Kenneth RIcharel etai 
R.G.C. Jenkins & Co. 
26 Caxton Street 
London SWIHORJ(GB) 



(54) SOLID-STATE IMAGING DEVICE 



(57) A current signal con-esponding to the amount 
of incident light detected by a photoelectric conversion 
device 13 Is Inputted to and Integrated by an Integrator 
circuit 30, whereby a voltage signal Is outputted from the 

integratorcircultao. When aswitch 40 is closed, the volt- 
age signal outputted from the integrator circuit 30 is in- 
putted to a capacitor 51 of a variable capacity integrator 
circuit 50, a change of the voltage signal is inputted to 
an amplifier52, and an electric charge corresponding to 
the change of voltage signal and the capacity value of 
a variable capacity part 53 flows into the variable capac- 



ity part 53. The capacity value of the variable capacity 
part 53 is controlled by a comparator 60 and a capacity 
control section 70 such that the value of integrated sig- 
nal outputted from the variable capacity integrator circuit 
50 coincide with a reference value. The capacity control 
section 70 outputs a first digital signal corresponding to 
the capacity value of the. variable capacity part 53. As a 
consequence, a solid-state imaging device which Is ex- 
cellent in S/N ratio, yields no offset errors even when Its 
amplifier hiave offset fluctuations, and has a small circuit 
scale is obtained. 



Fig.1 
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Description 
Technical Field 

[0001] The present invention relates to a MOS type 
solid-state imaging device whicli can piclcup two-dimen- 
sional light images. 

Background Art 

[0002] In the mainstream of solid-state imaging devic- 
es used in various fields such as home video are those 
of a charge-coupled device (CCD) type having a high 
sensitivity and excellent characteristics such as low 
noise. In special fields, however, MOS type solid-state 
imaging devices excellent in their efficiency of transfer- 
ring electric charges generated upon incident light have 
been in use. 

[0003] Among the MOS type solid-state imaging de- 
vices, those capable of pickupping two-dimensional 
light images have conventionally employed a system in 
which a number of photodetectorstwo-dimensionally ar- 
ranged on a semiconductor chip are provided with their 
discrete amplifiers and A/D converters, respective cur- 
rent signals outputted from the individual photodetec- 
tors are amplified by the amplifiers to yield voltage sig- 
nals, the resulting voltage signals are converted into dig- 
ital signals by the A/D converters, and thus obtained dig- 
ital signals are outputted. In recent years, however, 
there have been proposed attempts in which, vyhile am- 
plifiers and A/D converters are mounted on the same 
chip with a photodetector an^y, the circuit configuration 
system Is altered, in order to reduce the size of the de- 
vice while taking advantage of being a MOS type. 
[0004] For example, the solid-state imaging device 
disclosed In Japanese Patent Application Laid-Open 
No. HEI 9-51476 is one in which integrator circuits and 
the like are mounted on the same chip with a photode- 
tector array so as to correspond to respective columns 
of the photodetector array, and the integrator circuits 
and the like amplify and A/D-con vert the current signals 
outputted from the photodetectors. Such a configuration 
attempts to suppress the increase in scale of the circuit 
mounted on the chip, the increase in chip area, and the 
increase in power consumption of the chip. 

Disclosure of the Invention 

[0005] The conventional example mentioned above, 
however, is problematic in that the S/N ratio upon am- 
plification is not favorable, since it does not carry out 
signal processing for eliminating the noise occurring up- 
on conversion in which current signals are integrated by 
the Integrator circuits and the like so as to yield voltage 
signals. Also, since no countenneasures are taken 
against offset fluctuations inherent in amplifiers which 
are constituent circuits of the integrator circuits, there is 
a possibility of slight offset errors occun-ing in the result 



of A/D conversion. 

[0006] In order to overcome the above-mentioned 
problems, it is an object of the present invention to pro- 
vide a solid-state imaging device which is excellent in 

s S/N ratio, yields no offset en-ors even when its amplifiers 
have offset fluctuations, and has a small circuit scale. 
[0007] For achieving the above-mentioned object, the 
solid-state imaging device in accordance with the 
present Invention comprises: (1 ) a photodetector includ- 

10 ing a photoelectric conversion device for converting an 
incident optical signal into a current signal and a switch 
for outputting the cun-ent signal to an output terminal; 
(2) an integrator circuit for inputting and integrating the 
current signal outputted from the output terminal of the 

'5 photodetector, so as to output a voltage signal to an out- 
put terminal thereof; and (3) a signal processing unit for 
processing the voltage signal from the integrator circuit; 
thesignai processing unit comprising: (3a) avariable ca- 
pacity integrator circuit having a capacitor for inputting 

so the voltage signal outputted from the o utput terminal of 
the integrator circuit, an amplifierfor inputting to an input 
tenninal the voltage signal outputted from the capacitor, 
a variable capacity part, disposed between the input and 
output temiinals of the amplifier, having a variable ca- 

25 pacity value, and a reset switch disposed between the 
input and output tenriinais of the amplifier, the variable 
capacity integrator circuit outputting from the output ter- 
minal of the amplifieran integrated signal having a value 
corresponding to a change of the voltage signal Inputted 

30 to the capacitor; (3b) a comparator for inputting the in- 
tegrated signal outputted from the variable capacity in- 
tegrator circuit, comparing the value of the integrated 
signal with a reference value in terms of magnitude, and 
outputting a comparison result signal; and (3c) a capac- 

35 ity control section for inputting the comparison result sig- 
nal outputted from the comparator, controlling the ca- 
pacity value of the variable capacity part according to 
the comparison result signal, and outputting afirst digital 
signal corresponding to the capacity value of the varla- 

40 ble capacity part when it is determined according to the 
comparison result signal that the value of the integrated 
signal and the referencevaluecoincide with each other 
at a predetemnined resolution. 
[0008] First, according to this solid-state imaging de- 

45 vice, as its initial state, the switch of the photodetector 
is open, whereas the integratorcircuit is in its reset state. 
Also, the reset switch is closed in the variable capacity 
integrator circuit so as to reset the latter, whereby the 
capacity value of the variable capacity part is initially set. 

50 Thereafter, the integrator circuit is brought into a state 
capable of integration, and the reset switch in the vari- 
able capacity integrator circuit is opened after the lapse 
of a predetemnined time therefrom. Then, when the 
switch of the photodetector is closed, the current signal 

55 con-esponding to the amount of incident light detected 
by thephotoelectric conversion device is inputted to and 
integrated by the integrator circuit, whereby a voltage 
signal is outputted from the integrator circuit. The volt- 



2 



3 



EP1 154 483A1 



4 



age signal outputted from the integrator circuit is input- 
ted to the capacitor of the variable capacity integrator 
circuit, a change of the voltage signal inputted to the ca- 
pacitor is inputted to the amplifier, and the electric 
charge corresponding to the change of the voltage sig- 
nal and the capacity value of the variable capacity part 
flows into the variable capacity part. As a consequence, 
an Integrated signal having a value con-esponding to the 
change of the voltage signal inputted to the capacitor Is 
outputted from the variable capacity integrator circuit. 
[0009] The integrated signal outputted from the vari- 
able capacity integrator circuit is Inputted to the compa- 
rator, which compares the value of the Integrated signal 
virith a reference value in terms of magnitude, whereby 
a comparison result signal as a result of the comparison 
is outputted from the comparator. The comparison result 
signal is inputted to the capacity control section, which 
controls the capacity value of the variable capacity part 
according to the comparison result signal. Namely, a 
feedback loop constituted by the variable capacity Inte- 
grator circuit, comparator, and capacity control section 
repeatedly sets the capacity value of the variable capac- 
ity part and compares the value of integrated signal and 
the reference value In temis oif magnitude until the ca- 
pacity control section detennines that the value of inte- 
grated signal and the reference value coincide with each 
other at a predetermined resolution. If the capacity con- 
trol section determines that the value of Integrated sig- 
nal and the reference value coincide with each other at 
a predetennlned resolution, then a first digital signal cor- 
responding to the capacity value of the variable capacity 
part Is outputted from the capacity control section. 
Namely, the signal processing unit including the variable 
capacity integrator circuit, comparator, and capacity 
control section has a CDS (Con-elated Double Sam- ' 
pling) function for eliminating offset errors and an A/D- 
converting function for converting analog signals into 
digital signals. 

[001 0] Using thus constructed signal processing unit 
having a CDS function and A/D-converting function 
makes it possible to realize Improvement in S/N ratio 
and suppression of offset errors with a simple circuit 
configuration. Also, It is possible to attain a smaller total 
circuit scale, and a smaller chip size as a consequence. 

Brief Description of tiie Drawings 

[0011] 

Fig. 1 is a schematic circuit diagram of the solid- 
state imaging device in accordance with a first em- 
bodiment; 

Fig. 2 Is a schematic circuit diagram of a variable 
capacity integrator circuit; 
Figs. 3A to 3D are explanatory views for operations 
of the solid-state imaging device in accordance with 
the first embodiment; 

Fig. 4 is another schematic cirpuit diagram of the 



variable capacity integrator circuit; 
Fig. 5 is a block diagram of the solid-state imaging 
device in accordance with a second embodiment; 
Fig. 6 is a block diagram of the solid-state imaging 
5 device in accordance with a third embodiment; and 
Fig. 7 is a block diagram of the solid-state imaging 
device in accordance with a fourth embodiment. 

Best n/lodes for Carrying Out the Invention 

[0012] In the following, embodiments of the present 
invention will be explained in detail with reference to the 
accompanying drawings. In the explanaflon of the draw- 
ings, constituents identical to each otherwill be refen-ed 
is to with numerals identical to each other without repeat- 
ing their overiapping descriptions. 

(First Embodiment) 

20 [001 3] To begin with , a f i rst embodiment of the solid- 
state iniaging device In accordance with the present in- 
vention will be explained. Fig. 1 is a schematic circuit 
diagram of the solid-state imaging device in accordance 
with the first embodiment. This drawing shows the con- 

25 figuration of an individual column of atwo-dimensionally 
arranged photodetector an-ay or the configuration of a 
one-dimensionally arranged photodetector array. In the 
following, the configuration of an individual column of a 
two-dimensionally arranged photodetector array will be 

30 explained, and the individual column of the photodetec- 
tor array will be referred to as a vertical photodetective 
section 11. 

[001 4] In the vertical photodetective section 1 1 , pho- 
todetectors 12, (i = 1 to L) are arranged. Each of the 

35 photodetectors 1 2, (I = 1 to L) comprises a photoelectric 
conversion device 13 and a switch 14. Each of the re- 
spective photoelectric conversion devices 13of thepho- 
todetectors 12j (i = 1 to L) is, for example, a photodiode 
having a grounded anode terminal, and outputs a cur- 

40 rent signal corresponding to its detected incident optical 
signal. Each of the respective switches 14 of the photo- 
detectors 12| (i = 1 to L) opens and closes according to 
a vertical scanning signal, so as to input a current signal 
outputted from the cathode terminal of its corresponding 

45 photoelectric conversion device 13 and output this sig- 
nal to a commonly connected signal output tenninal. 
Two or more switches 14 of the photodetectors 12, (I = 
1 to L) would not open at the same time. 
[001 5] A switch 20 inputs to its input terminal the cur- 

50 rent signal outputted from the common signal output ter- 
minal of the vertical photodetective section 11 and, 
when closed, outputs the current signal to Its output ter- 
minal. 

[0016] An integrator circuit 30 inputs thecun-entsignal 
55 outputted from the output temiinal of the switch 20, in- 
tegrates the current signal, and outputs the resulting 
voltage signal to its output terminal. The integrator cir- 
cuit 30 comprises a charge amplifier 31 , a capacitor 32, 
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and a reset switch 33. The charge amplifier 31 has a 
grounded "+" input terminal, and a "-" input terminal for 
Inputting the currentsignal.. The capacitor32 is disposed 
between the "-" inputterminal and output terminal of the 
charge amplifierSI, and stores the inputted current sig- s 
nai, i.e., electric charge. The switch 33 is disposed be- 
tween the "-" input terminal and output temilnai of the 
charge amplifierSI , causes the capacitor 32 to store the 
electric charge when opened, and resets the storing of 
electric charge in the capacitor 32 when closed. io 
■ [001 7] A switch 40 Inputs to Its input terminal the volt- 
age signal outputted from the output tenninal of the in- 
tegrator circuit 30, and outputs this voltage signal to the 
output terminal when closed. 

[0018] A variable capacity integrator circuit 50 inputs *5 
the voltage signal outputted from the output terminal of 
the switch 40. The variable capacity integrator circuit 50 
comprises a capacitor 51 , an amplifier 52, a variable ca- 
pacity part 63, and a reset switch 54. The capacitor 51 
Is disposed between the output tenninal of the switch 20 
4o and the "-" input temninai of the amplifier 52. The "+" 
Input terminal of the amplifier 52 is grounded, whereas 
the voltage signal from the capacitor 51 is inputted to 
the "-" input tenninal. The variable capacity part 53 has 
a variable capacity, which is controllable; and is dis- 25 
posed between the"-" inputterminal and outputterminal 
of the amplifier 52, so as to store electric chargeaccord- 
ing to the inputted voltage signal. The switch 54 is dis- 
posed between the "-" inputterminal and outputterminal 
of the amplifier 52, causes the variable capacity part 53 so 
•to store the electric charge when opened, and resets the 
storing of electric charge in the variable capacity part 53 
when closed. The. variable capacity Integrator drcuit 50 
inputs the voltage signal outputted from the output ter- 
minal of the switch 40, integrates it according to the ca- 3S 
pacity value of the variable capacity part 53, and outputs 
an integrated signal which is a result of integration. 
[0019] A comparator 60 inputs to its "-" inputterminal ■ 
the integrated signal outputted from the variable capac- 
ity integrator circuit 50, with Its input terminal being 4o 
set to a reference potential V^g,, compares the value of 
Integrated signal with the reference potential Vfg, in 
temns of magnitude, and outputs a comparison result 
signal as the result of comparison. 
[0020] A capacity control section 70 inputs the com- 45 
parison result signal outputted from the comparator 60, 
outputs a capacity instruction signal C for controlling the 
capacity value of the variable capacity part 53 according 
to the comparison result signal, and outputs a first digital 
signal corresponding to the capacity value of the varia- so 
ble capacity part 53 when it is determined according to 
the comparison result signal that the value of integrated 
signal and the reference potential V^gj coincide with 
each other at a predetemnined resolution. ' 
[0021 ] A readout section 80 inputs the first digital sig- ss' 
nal outputted from the capacity control section 70 and 
outputs a second digital signal corresponding to the first 
digital signal. The second digital signal indicates a value 



obtained when the offset value of the variable capacity 
integrator circuit 50 is eliminated from the value of the 
first digital signal. The readout section 80 is a memory 
element, for example, and inputs the first digital signal 
as an address, whereas data stored in the memory el- 
ement at this address are outputted as the second digital 
signal . This secon d digital signal becomes an optical de- 
tection signal outputted from the solid-state imaging de- 
vice in accordance with this embodiment. 
[0022] A signal processing unit 1 00 is constituted by 
one set of the variable capacity integrator circuit 50, 
compar^ator 60, capacity control section 70; and readout 
section 80. The signal processing unit 100 has a CDS 
function for eliminating offset en-ors and an A/D-convert- 
ing function for converting analog signals into digital sig- 

[0023] Further provided is a timing control section (not 
depicted). The timing control section controls the re- 
spective switches 14 of the photodetectors 12| (i = 1 to 
L), the switch 20, the reset switch 33 of the integrator 
circuit 30, the switch .40, and the reset switch 54 of the 
variable capacity integrator circuit 50 so as to mal<e 
them open and close attheirpredetennined timings, and 
also controls the operation of the capacity control sec- 
tion 70. 

[0024] Fig. 2 is a schematic circuit diagram of the var- 
iable capacity integrator circuit 50. This diagram shows 
a circuit configuration equipped with an A/D-converting 
function having a resolution of 1/2* = 1/16, which circuit 
configuration will be used for the following explanation. 
[0025] As shown in Fig. 2, the variable capacity part 
53 comprises capacitors CI to C4, switches SW11 to 
SW14, and switches SW21 to SW24. The capacitor C1 
and the switch SW11 are cascaded to each other, and 
are disposed between the "-" input temiinal and output 
terminal of the amplifier 52. The switch SW21 is dis- 
posed between the grourid and the node between the 
capacitor C1 and switch SW11. The capacitor C2 and 
the switch SW12 are cascaded to each other, and are 
disposed between the '-" input terminal and output ter- 
minal of the amplifier 52. The switch SW22 is disposed 
between the ground and the node between the capacitor 
C2 and switch SW12. The capacitor C3 and the switch 
SW13 are cascaded to each other, and are disposed 
between the "-" input tenninal and output terminal of the. 
amplifier 52. The switch SW23 is disposed between the 
ground and the node between the capacitor C3 and 
switch SW13. The capacitor C4 and the switch SW14 
are cascaded to each other, and are disposed between 
the "-" inputterminal and output terminal of the amplifier 
52. The switch SW24 is disposed between the ground 
and the node between the capacitor 04 and switch 
SW14. 

[0026] The switches SW11 to SW14 open and close 
according to respective values of to 0^4 of the ca- 
pacity instruction signal C outputted from the capacity 
control section 70. The switches SW21 to .SW24 open 
and close according to respective values of C21 to C24 
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of the capacity instruction signal C outputted from the 
capacity control section 70. The capacity values to 
C4 of the capacitors C1 to C4 satisfy the following rela- 
tionships: 

Ci =2C2 = 4C3 = 8C4 



+ Cj + C3 + C4 = Cq 

[0027] The solid-state imaging device in accordance 
with this embodiment operates as follows. Figs. 3A to 
3D are explanatory views for operations of the solid- 
state imaging device In accordance with this embodi- 
ment. In the following, It is assumed that each of the 
switches 20 and 40 is always closed. 
[0028] First in the solid-state imaging device in ac- 
cordance with this embodiment, the respective switches 
14 of the photodetectors 12-, (i = 1 to L) are opened. The. 
switch 33 of the Integrator circuit 30 is closed, whereby 
the integrator circuit 30 is brought into its reset state. 
The switch 54 of the variable capacity integrator circuit 
50 is closed, whereby the variable capacity integrator 
circuit 50 is brought into its reset state. Also, each of the 
switches SW11 to SW14 of the variable capacity inte- 
grator circuit 50 is closed, whereas each of the switches 
SW21 to SW24 of the variable capacity integrator circuit 
50 is opened, whereby the capacity value of the variable 
capacity part 50 is bet to Cq. In this state, the switch 33 
of the integrator circuit 30 Is opened, so as to enable 
integrating operations In the integrator circuit 30. At this 
point in time, an offset voltage which becomes a switch- 
ing noise occurs in the integrator circuit 30 due to the 
action of parasitic capacity of the switch 33. 
[0029] The switch 54 is opened after a slight delay of 
time ATd from the time when the switch 33 was opened. 
As a consequence, the voltage level at the output ter- 
minal of the integrator circuit 50 relatively varies, in the. 
form having eliminated the offset level of the integrator 
circuit 30, by an amount corresponding to the photoe- 
lectric charge occuning thereafter. Namely, so-called 
CDS (Correlated Double Sampling) effect occurs. 
[0030] Subsequently, only the switch 14 of the first 
photodetector 12^ in the vertical photodetective section 
11 is closed. As a consequence, the electric charge 
stored in the photoelectric conversion device 13 of the 
photodetector 12^ due to the incident light so far is out- 
putted as a current signal from the common signal out- 
put terminal of the vertical photodetective section 1 1 , in- 
putted to the integrator circuit 30 by way of the switch 
20, and integrated by the integrator circuit 30, so as to 
be outputted as a voltage signal. 

■ [0031 ] The voltage signal outputted from the integra- 
tor circuit 30 is inputted to the variable capacity integra- 

• tor circuit 50 by way of the switch 40. The voltage signal 
inputted to the capacitor 51 of the variable capacity In- 
tegrator circuit 50 changes by the amount of change in 



output voltage corresponding to the photoelectric 
■ charge in the integratorcircuit 30, and an electric charge 
Q corresponding to the voltage change andthe capacity 
value Cq of the variable capacity part 53 flows into the 

5 variable capacity part 53 (see Fig. 3A). 

[0032] Subsequently, the capacity control section 70 
opens the switches SW12 to SW14 of the variable ca- 
■pacity part 53 and then closes the switches SW22 to 
SW24 thereof (see Fig. 3B). As a result, the capacity 

10 value of the variable capacity part 53 becomes C.,, 
Whereby the value of integrated signal, outputted 
from the variable capacity Integrator circuit 50 Is: 

This integrated signal is inputted to the comparator 60, 
and its value is compared with a reference potential 
VfjEF in terms of magnitude. 

20 [0033] If Vsb>VREF, then the capacity control section 
70, in response to this resuft of <;omparison, opens the 
switch SW22 of the variable capacity part 53 and then 
closes the switch SW12 (see Fig. 30). As a result, the 
capacity value of the variable capacity part 53 becomes 

25 Cf + Cg, whereby the value Vg^ of integrated signal out- 
putted from the variable capacity integratorcircuit 50 Is: 

14^= Q/(Ci + C2) 

30 

. This integrated signal is inputted to the comparator 60, 
and its value is compared with a reference potential 
Vrep in terms of magnitude. 

[0034] If < Vrer then the capacity control section 
35 70, In response to. this result of comparison, opens the 
switches SW11 and SW22 of the variable capacity part 
53 and then closes the switches SW1 2 and SW21 (see 
Fig. 3D). As a result, the capacity value of the variable 
capacity part 53 becomes Cg, whereby the value of 
40 Integrated signal outputted from the variable capacity in- 
tegrator circuit 50 is: 

This integrated signal is inputted to the comparator 60, 
and its value is compared with a reference potential 
VpEp in terms of magnitude. 

[0035] Subsequently, in a similar manner, a feedbacl< 
50 loop constituted by the variable capacity integrator cir- 
cuit 50, comparator 60, and capacity control section 70 
repeatedly sets the capacity value of the variable capac- 
ity part 53 and compares the value of integrated signal 
with the reference potential until the capacity control 
55 section 70 determines that the value of integrated signal 
coincides with the reference potential V^f at a predeter- 
mined resolution. After the capacity conttol for all the 
capacitors CI to C4 in the variable capacity part 53 is 



5 



EP 1 154 483 A1 



10 



thus completed, the capacity control section 70 outputs 
a digital signal corresponding to the final capacity value 
of the variable capacity part 53 toward the readout sec- 
tion 80. 

[0036] In the readout section 80, the digital signal out- 
putted from the capacity control section 70 is inputted 
as an address, and digital data stored in the memory 
element at this address are outputted as an optical de- 
tection signal of the solid-state Imaging device In ac- 
cordance with this embodiment. 
[0037] At a point in time when the photoelectric con- 
version device 13 of the first photodetector 12, In the 
vertical photodetective section 11 is assumed to have 
completely released its stored electric charge, the 
switch 14 of the photodetector 12^ is opened. After the 
optical detection signal corresponding to the first photo- 
detector 12., in the vertical photodetective section 11 is 
completely read out, the switch 33 of the integrator cir- 
cuit 30 is closed, whereby the Integrator circuit 30 Is 
brought into its reset state. The switch 54 of the variable 
capacity integrator circuit 50 is closed, whereby the var- 
iable capacity integrator circuit 50 is brought into Its re- 
set state. Also, each of the switches SW11 to SW14 of 
the variable capacity integrator circuit 50 is closed, 
whereas each of the switches SW21 to SW24 is opened, 
whereby the capacity value of the variable capacity part 
53 is set to Cg. In this state, the switch 33 of the integra- 
tor circuit 30 is opened, so as to enable integrating op- 
erations In the integrator circuit 30. Subsequently, as in 
the first photodetector 1 2^ in the vertical photodetective 
section 1 1 , the optical detection signal con-esponding to 
the second photodetector 122 In the vertical photode- 
tective section 11 Is read out. The same applies to the 
l-th photodetector 12, (I = 3 to L) In the vertical photode- 
tective section 11. 

[0038] Without being restricted to the circuit configu- 
ration shown in Fig. 2, the variable capacity part 53 of 
the variable capacity integrator circuit 50 may have oth- 
er circuit configurations. Fig. 4 is another schematic cir- 
cuit diagram of the variable capacity integrator circuit 
50. When the variable capacity integrator circuit 50 has 
a circuit configuration such as that shown in this draw- 
ing, the solid-state imaging device in accordance with, 
this embodiment can secure a favorable S/N ratio even 
if the electric charge stored in the photoelectric conver- 
sion device 13 is very small. 

[0039] The variable capacity part 53 of this variable 
capaclty lntegrator circuit 50 comprises capacitors CI 
to C4, switches SW11 to SW14, switches SW21 to 
SW24, switches SW31 to SW33, and switches SW41 to 
SW43. The switch SW31, the capacitor CI, and the 
switch SW1 1 are successively cascaded to one another 
in this order and are disposed between the "-" input ter- 
minal and output temiinal of the amplifier 52. The switch 
SW21 is disposed between the ground and the node be- 
tween the capacitor 01 and switch SW11. The switch 
SW41 is disposed between the ground and the node be- 
tween the capacitor 01 and switch SW31 . The same ap- 



plies to the switch SW32, capacitor C2, switch SW12, 
switch SW22, and switch SW42. The same_applies to 
the switch SW33, capacitor C3, switch SW13, switch 
SW23, and switch SW43. The capacitor C4 and the 

5 switch SW14 are cascaded to each other and are dis- 
posed between the "-" input terminal and output terminal 
of the amplifier 52. The switch SW24 is disposed be- 
tween the ground and the node between the capacitor 
04 and switch SW1 4. 

10 [0040] The switches SW11 to SW14 open and close 
according to respective values of C^^ to C^^ of the ca- 
pacity Instruction signal C outputted from the capacity 
control section 70. The switches SW21 to SW24 open 
and close according to respective values of C21 to C24 

'5 of the capacity instruction signal C outputted from the 
capacity control section 70. The switches SW31 to 
SW33 open and close according to respective values of 
C3.1 to C33 of the capacity instruction signal C outputted 
from the capacity control section 70. The switches 

20 SW41 to SW43 open and close according to respective 
values of O41 to O43 of the capacity instruction signal O 
outputted from the capacity control section 70. 
[0041] The solid-state Imaging device having the var- 
iable capacity integrator circuit 50 with the circuit con- 

25 figuration shown in Fig. 4 operates as follows. 

[0042] First, in the solid-state imaging device In ac- 
cordance with this embodiment, the respective switches 
14 of the photodetectors 12j(i= 1 to L) are opened. The 
switch 33 of the integrator circuit 30 is closed, whereby 

30 the integrator circuit 30 is brought into its reset state. 
The switch 40 is opened. The switch 54 of the variable 
capacity integrator circuit 50 is closed, so that the vari- 
able capacity integrator circuit 50 is brought Into Its reset 
state, and then the switch 54 is opened. Also, each of 

35 the switches SW1 1 to SW1 4 and the switches SW41 to 
SW43 of the variable capacity integrator circuit 50 Is 
closed, whereas each of the switches SW21 to SW24 
and the switches SW31 to SW33 is opened, whereby 
the capacity value of the variable capacity part 53 is set 

40 to C4. In this state, the switch 33 of the integrator circuit 
30 is opened, whereby integrating operations in the in- 
tegrator circuit 30 are started. 

[0043] Subsequently, only the switch 14 of the first 
photodetector 1 2■^ in the vertical photodetective section 

45 11 is closed. As a consequence, the electric charge 
stored in the photoelectric conversion device 13 in the 
photodetector 12^ due to the incident light so far is out- 
putted as a current signal from the common signal out- 
put temninal of the vertical photodetective section 11 , in- 

50 putted to the integrator circuit 30 by way of the sw|tch 
20, and integrated by the integrator circuit 30, so as to 
be outputted as a voltage signal. 
[0044] Then, the switch 40 is closed. As a conse- 
quence, the voltage signal outputted from the integrator 

55 circuit 30 is inputted to the variable capacity integrator 
circuit 50 by way of the switch 40. Since the switch 40 
is closed, the voltage signal inputted to the capacitorSI 
of the variable capacity integrator circuit 50 drastically 
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changes, and the change of the voltage signal is input- 
ted to the amplifier 52 from the capacitor 51 . Namely, an 
electric charge Q corresponding to the change of input- 
ted voltage signal and the capacity value C4 of the var- 
iable capacity part 53 flows into the variable capacity 
part 53. At this time, the value Vg of integrated signal 
outputted from the variable capacity integrator circuit 50 
is: 

[0045] Subsequently, each of the switches SW41 to 
SW43 is opened, and then each of the switches SW31 
to SW33 is closed, so as to cause the variable capacity 
part 53 to attain a capacity value of Co. Even after such 
changes, relationships among voltages between both 
ends of the capacitors CI to C3 do not change, so that 
no change occurs in the integrated signal value V^, 
whereby the total electric charge occurring in the capac- 
itors CI to C4 Is: 

Q'=Q-{Co/C^) 

Namely, the electric charge stored in the variable capac- 
ity part 53 would be (Cq/C^) times that of the case shown 
in Fig. 2. Subsequently, as with the case of Fig. 2, the 
respective optical detection signals corresponding to 
the i-th photodetectors 1 2; (i = 1 to L) in the vertical pho- 
todetective section H are sequentially read out. As a 
consequence, a favorable S/N ratio can be secured 
even when the electric chatgis stored in the photoelectric 
conversion device 13 is extremely sfnall. 
[0046] Since the signal processing unit 1 00 constitut- 
ed by one set of the variable capacity integrator circuit 
50, comparator 60, capacity control section 70, and re- 
adout section 80 has a CDS function and an A/D-con- 
verting function, as in the foregoing, the solid-state im- 
aging device in accordance with this embodiment can 
■realize improvement in S/N ratio and suppression of off- 
set errors with a simple circuit configuration. 
[0047] Here, vertical photodetective sections 1 1 , inte- 
grator circuits 30, and signal processing units 100 may 
be provided by the same number. However, as will be 
shown in subsequent embodiments, it is preferred that 
the number M1 of vertical photodetective section 11 , the 
number M2 of integrator circuits 30, and the number M3 
of signal processing units 100 have relationships of 

M3< M2^M'[,M3 <M^ 

while selective connecting means for selectively con- 
necting Ml sets of vertical photodetective sections 11, 
M2 sets of integrator circuits 30, and MS sets of signal 
processing units 1 00 to one another be further provided, 
since, when they are mounted on the same chip, each 



of the increase in scale of the circuit mounted on the 
chip, the increase in chip area, and the Increase in pow- 
er consumption of the chip can be suppressed. Here, as 
the selective connecting means, the switches 20 and 40 
s are used. 

(Second Embodiment) 

[0048] A second embodiment of the solid-state imag- 
'0 ing device in accordance with the present invention will 
now be explained. Fig. 5 is a schematic block diagram 
of the solid-state imaging device in accordance with the 
second embodiment. The solid-state imaging device in 
accordance with this embodiment comprises a photo- 
's detective unit 10 in which vertical photodetective sec- 
tions 11 j (j = 1 to 1 6) are arranged, switches 20j (j = 1 to 
16), integrator circuits 30j (j = 1 to 16), switches 40j (j = 
1 to 16), shift register sections 91 to 94, and signal 
processing units 100j (j = 1 to 4). Though the numbers 
20 of the vertical photodetective sections 11 , switches 20, 
integralorcircuits 30, and switches 40 are 1 6 each here, 
they may be provided by a greater number. 
[0049] In the photodetective unit 10, photodetectors 
12 are arranged two-dimensionally. Namely, in the pho- 
2s todetective unit 1 0, the photodetectors 12 are arranged 
in a first direction so as to fomi a vertical photodetective 
section 11j G = 1 to 16), whereas such vertical photode- 
tective sections 11j are arranged in a second direction. 
Each of the vertical photodetective sections 11j (j = 1 to 
30 16) has a configuration similar to the vertical photode- 
tective section 11 of the first embodiment. Each of the 
integrator circuits 30j (j = 1 to 16) has a configuration 
similar to that of the Integrator circuit 30 of the first em- 
bodiment. Each of the signal processing units lOOj (j = 
35 1 to 4) has a configuration similar to that of the signal 
processing unit 100 of the first embodiment, and com- 
prises a variable capacity integrator circuit 50, a com- 
parator 60, a capacity control section 70, and a readout 
section 80. 

40 [0050] Each of the switches 20j (j = 1 to 16) corre- 
sponds to the switch 20 of the first embodiment, where- 
as each of the switches 40j 0 = 1 to 1 6) con-esponds to 
the switch 40 of the first embodiment. Also, the switches 
20j and 40j ( j = 1 to 16) act as selective connecting 

45 means for selectively connecting the vertical photode- 
tective sections 11, 0 = 1 to 1 6), integrator circuits 30j (j 
= 1 to 16), and signal processing units 100, (j = 1 to 4) 
to one another. Namely, the switches 20, 0 = 1 to 1 6) are 
disposed between the respective common signal output 

50 tenninals of the vertical photodetective sections 11, and 
the respective input terminals of the integrator circuits 
30j. Also, the switches 40, (j =1 , 5, 9, 13) are disposed 
between their corresponding output terminals of the in- 
tegrator circuits 30, and the input tenninal of the signal 

S5 processing unit ^00^. The switches 40, (j =2, 6, 10, 14) 
. are disposed between their corresponding output termi- 
nals of the integrator circuits 30, and the input tenninal 
of the signal processing unit 1 0Og. The switches 40, (j=3. 
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7, 11, 15) are disposed between their corresponding 
output terminals of the integrator circuits SOj and the in- 
put tenninal of the signal processing unit IOO3. The 
switches 40j 0=4, 8, 12, 16) are disposed between their 
corresponding output terminals of the integrator circuits 
30j and the input terminal of the signal processing unit 
IOO4. 

[0051] Theshiftreglstersections91 to 94 control their 
corresponding switches 20j and 40j (j = 1 to 16), acting 
as selective connecting means, so as to mai<e them 
open and close. Further provided is a timing control sec- 
tion (not depicted). The timing control section controls 
the respective switches 14 of the vertical photodetective 
sections llj (j = 1 to 16), the respective reset switches 
33 of the integrator circuits 30j (j = 1 to 16), and the re- 
spective reset switches 54 of the variable capacity inte- 
grator circuits 50 in the signal processing units 1 0Oj (j = 
1 to 4) so as to make them open and close at their pre- 
determined timings, and also controls operations of the 
respective capacity control sections 70 In the signal 
processing units lOOj ( j = 1 to 4) and shift register sec- 
tions 91 to 94. 

[0052] The solid-state imaging devfce in accordance 
with this embodiment operates as follows. First, the re- 
spective shift register sections 91 to 94 close only the 
switches 2O1, 2O2, 2O3, and 2O4 in the switches 20j Q = 
1 to 1 6). Also, they close only the switches 40,, , 4O2, 4O3, 
■ and 4O4 in the switches 40j (j = 1 to 1 6). As a conse- 
quence, the vertical photodetective section 11,, switch 
2O1. integrator circuit SO,, switch 40,, and signal 
processing unit 100, attain the configuration of Fig. 1 1n 
accordance with the first embodiment. The vertical pho- 
todetective section II2, switch 2O2, integrator circuit 
3O2, switch 4O2, and signal processing unit IOO2 also 
attain the configuration of Fig. 1 in accordance with the 
first embodiment. The vertical photodetective section 
11 3, switch 2O3, integrator circuit SOg, switch 4O3, and 
signal processing unit 100g also attain the configuration 
of Fig. 1 in accordance with the first embodiment. The 
vertical photodetective section 11 4, switch 2O4, integra- 
tor circuit 3O4, switch 40^, and signal processing unit 
'1 OO4 also attain the configuration of Fig. 1 in accordance 
with the first embodiment. As these four sets operate In 
parallel In a manner similar to the operation of the solid- 
state imaging device In accordance with the first embod- 
iment, digital signals corresponding to the amounts of 
incident light detected by the individual photodetectors 
12 in the vertical photodetective sections 11j G = 1 to 4) 
are outputted from the signal processing units 1 0Oi^ (k = 
1 to 4) at the same time. 

[0053] Subsequently, the respectiveshiftregistersec- 
tions 91 to 94 close only the switches 2O5, 205, 2O7, and 
208 the switches 20j (j = 1 to 16), and close only the 
switches 4O5, 40e, 4O7, and 403 in the switches 40j (j = 
1 to 16), whereby digital signals corresponding to the 
amounts of Incident light detected by the individual pho- 
todetectors 12 In the vertical photodetective sections 11j 
0 = 5, 6, 7, 8) are outputted from the signal processing 



units 1 00k {!< = 1 to 4) at the same time, 
[0054] Further, the respective shift register sections 
91 to 94 close only the switches 2O9, 20,o, 20,,, and 
20,2 in the switches 20j (j = 1 to 1 6), and close only the 
s switches 4O9, 40,0, 40,,, and 40,2 the switches 40j (j 
= 1 to 16), whereby digital signals corresponding to the 
amounts of incident light delected by the individual pho- 
todetectors 12 inthe verticalphotodetectivesections 11j 
0 = 9, 10, 11, 12) are outputted from the signal process- 
10 Ing units 1 00,^ (k = 1 to 4) at the same time. 

[0055] Then, the respective shift register sections 91 
to 94 close only the switches 20,3, 20,4, 20,5, and 20,3 
in the switches 20j (j = 1 to 1 6) , and close only the switch- 
es 40,3, 40,4, 40,5, and 40,6 the switches 40j (j = 1 
'5 to 16), whereby digital signals con-esponding to the 
amounts of incident light detected by the individual pho- 
todetectors 12 inthe verticalphotodetectivesections 11j 
0 = 13,14, 15, 16) areoutputtedfrom the signal process- 
ing units 100k (k = 1 to 4) at the same time. 
20 [0056] As in the foregoing, the solid-state Imaging de- 
vice in accordance with this embodiment yields not only 
effects similar to those exhibited by thfe solid-state im- 
aging device in accordance with the first embodiment, 
but also the following effects. Namely, in the convention- 
's al solid-state imaging device, one signal processing unit 
is provided for each vertical photodetective section on 
a chip, so that each signal processing unit must have a 
width identical to that of the vertical photodetective sec- 
tion for convenience of chip layout, whereby each signal 
30 processing unit has a unidirectionally long layout form. 
The resulting chip size has beeti large. In the solid-state 
Imaging device In accordance with this embodiment, by 
contrast, the number of signal processing units is cut 
down, so that the total circuit' scale Is small, which re- 
35 duces the chip size. Also, the degree of freedom in lay- 
out design of each signal processing unit increases, 
which also reduces the chip size. Further, as depicted, 
with respect to the arrangement of individual vertical 
photodetective sections in the photodetective unit, the 
Individual signal processing units can be arranged in a 
side portion on an end side of the photodetective unit 
■ parallel to the first direction, whereby the chip size be- 
comes smaller, and an Image sensor having a form sim- 
ilar to a square can be realized. 

45 

(Third Embodiment) 

[0057] A third embodiment of the solid-state imaging 
device in accordance with the present invention will now 
50 be explained. Fig. 6 Is a schematic block diagram of the 
solid-state imaging device In accordance with the third 
embodiment. The solid-state imaging device in accord- 
ance with this embodiment comprises a photodetective 
unit 10 in which vertical photodetective sections 11j 0 = 
55 1 to 1 6) are arranged, switches 20j 0 = 1 to 1 6) , integra- 
tor circuits 30j 0 = 1 to 4), switches 40j 0 = 1 to 1 6), shift 
register sections 91 to 94. and signal processing units 
1 0Oj 0 = 1 to 4). Though the numbers of the vertical pho- 
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todetective sections 11, switches 20, and switches 40 
are 16 each, whereas the number of integrator circuits 
30 is 4 here, they may be provided by greater numbers. 
[0058] In the photodetective unit 10, photodetectors 
12 are arranged two-dimensionally. Namely, in the pho- 
todetective unit 1 0, the photodetectors 12 are arranged 
in a first direction so as to forni a vertical photodetective 
section llj (j = 1 to 16), whereas such vertical photode- 
tective sections llj are an-anged In a second direction. 
Each of the vertical photodetective sections llj fl = 1 to 
1 6) has a configuration similar to the vertical photode- 
tective section 11 of the first embodiment. Each of the 
integrator circuits SOj (j = 1 to 4) has a configuration sim- 
ilar to that of the integrator circuit 30 of the first embod- 
iment. Each of the signal processing units lOOj (j = 1 to 
4) has a configuration similar to that of the signal 
processing unit TOO of the first embodiment, and com- 
prises a variable' capacity integrator circuit 50, a com- 
parator 60, a capacity control section 70, and a readout 
section 80. 

[0059] Each of the switches 20j G = 1 to 16) corre- 
sponds to the switch 20 of the first embodiment, where- 
as each of the switches 40j (j = 1 to 16) corresponds to 
the switch 40 of the first embodiment. Also, the switches 
20j and 40j (j = 1 to 16) act as selective connecting 
means for selectively connecting the vertical photode- 
tective sections 1 1 j (j = 1 to 1 6), integrator circuits 30j (j 
= 1 to 4), and signal processing units lOOj (j = 1 to 4) to 
one another. Namely, the switches 20j (j = 1 to 4) are 
disposed between the respective common signal output 
temiinals of the vertical photodetective sections llj and 
the input temilnal of the integrator circuit 30^. The 
switches 20j (j = 5 to B) are disposed between the re- 
spective common signal output tennlnals of the vertical 
photodetective sections llj and the input terminal of the 
integrator circuit SOj. The switches 20j (j = 9 to 12) are 
disposed between the respective common signal output 
terminals of the vertical photodetective sections 11j and 
the Input terminal of the integrator circuit 3O3. The 
switches 20j 0 = 13 to 16) are disposed between the 
respective common signal output terminals of the verti- 
cal photodetective sections 11j and the input terminal of 
the Integrator circuit 3O4. The switches 40j (j = 1 to 4) 
are disposed between the output tenninal of the integra- 
tor circuit 30, and the input tenninal of the signal 
processing unit 100.,. The switches 40j (j = 5 to 8) are 
disposed between the output tenninal of the integrator 
circuit 3O2 and the Input temilnal of the signalprocessing 
unit IOO2. The switches 40j (j = 9 to 12) are disposed 
between the output terminal of the integrator circuit 3O3 
andthe inputtermlnal of thesignal processing unit 1 003. 
The switches 40j (j = 13 to 16) are disposed between 
the output temnlnal of the integrator circuit 3O4 and the 
inputtermlnal of the signal processing unit IOO4. 
[0060] The shift register sections 91 to 94 control their 
corresponding switches 20j and 40j (j = 1 to 16), acting 
as selective connecting means, so as to make them 
open and close. Further provided is a timing control sec- 



tion (not depicted). The timing control section controls 
the respective switches 14 of the vertical photodetective 
sections 11j (j = 1 to 16), the respective reset switches 
33 of the integrator circuits 30j 0 = 1 to 4), and the re- 

5 spectlve reset switches 64 of the variable capacity Inte- 
grator circuits 50 In the signal processing units lOOj (j = 
1 to 4) so as to make them open and close at their pre- 
detennined timings, and also controls operations of the 
respective capacity control sections 70 in the signal 

10 processing units 1 0Oj ( j = f to 4) and shift register sec- 
tions 91 to 94. 

[0061] The solid-state Imaging device In accordance 
with this embodiment operates as follows. First, the re- 
spective shift register sections 91 to 94 close only the 

»5 switches 20^ , 2O5, 2O9, and 20,3 In the switches 20j (j = 
1 to 1 6), and close only the switches 40., , 4O5, 4O9, and 
40.|3 In the switches 40j G = 1 to 1 6). As a consequence, 
the vertical photodetective section 1 1 ^ , switch 20^, inte- 
grator circuit 30i, switch 40^, and signal processing unit 

20 1 00.| attain the configuration of Fig. 1 In accordance with 
the first embodiment. Also, the vertical photodetective 
section 11 5, switch 2O5, integrator circuit SOj, switch 4O5, 
and signal processing unit 1 0Og attain the configuration 
of Fig. 1 in accordance with the first embodiment. Also, 

25 the vertical photodetective section 1 1g, switch 2O9, inte- 
grator circuit 303, switch 4O9, and signal processing unit 
1 0O3 attain the configuration of Fig. 1 in accordance with 
the first embodiment. Also, the vertical photodetective 
section 11.,3, switch 20.13, integrator circuit 3O4, switch 

30 40.,3, and signal processing unit 1 0O4 attain the config- 
uration of Fig. 1 in accordance with thefirst embodiment. 
As thesefoursets operate In parallel in a manner similar 
to the operation of the solid-state Imaging device In ac- 
cordance with the first embodiment, digital signals cor- 

35 responding to the amounts of Incident light detected by 
the individual photodetectors 12 in the vertical photode- 
tective sections 11j (j = 1, 5, 9, 13) are outputted from 
the signal processing units 1 00^ (k = 1 to 4) at the same 
time. 

40 [0062] Subsequently, the respective shift register sec- 
tions 91 to 94 close only the switches 2O2, 20g, 20.,o, 
and 20.,4 in the switches 20j (j = 1 to 1 6), and close only 
the switches 4O2, 40g, 40io, and 4O14 in the switches 40j 
(j = 1 to 16), whereby digital signals corresponding to 

45 the amounts of Incident light detected by the individual 
photodetectors 12 In the vertical photodetective sec- 
tions 11j (j = 2, 6, 10, 14) are outputted from the signal 
processing units 100,^ (k = 1 to 4) at the same time. 
[0083] Further, the respective shift register sections 

50 91 to94cioseonlytheswitches203, 207,2011, and20.,5 
in the switches 20j (j =1 to 1 6), and close only the switch- 
es 4O3, 4O7, 40„, and 40^5 in the switches 40j (j = 1 to 
16), .whereby digital signals corresponding to the 
amounts of incident light detected by the individual pho- 

55 todetectors 1 2 in the vertical photodetective sections 1 1 j 
0 = 3,7, 11, 15) areoutputtedfromthesignal processing 
units 1 00k (k = 1 to 4) at the same time. 
[0064] Then, the respective shift register sections 91 
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to 94 close only the switches 2O4, 203, 20^2' ^n^i 20^5 
in the switches 20j (j = 1 to 1 6), and close only the switch- 
es 4O4, 403, 4O12, and 40^6 in the switches 40j (j = 1 to 
16), whereby digital signals corresponding to the 
amounts of incident light detected by the individual pho- 
todetectors 1 2 in the vertical photodelective sections 11 j 
(j = 4, 8, 1 2, 1 6) are outputted from the signal processing 
units 1 00k (l< 1 to 4) at the same time. 
[0065] As in the foregoing, the solid-state imaging de- 
vice In accordance wlth this embodiment yields not only 
effects sirhilar to those exhibited by the solid-state im- 
aging device in accordance with the first embodiment, 
but also the following effects. Namely, in the solid-state 
imaging device in accordance with this embodiment, the 
number of integrator circuits and signal processing units 
is cut down, so that the total circuit scale is small, which 
reduces the chip size. Also, the degree of freedom in 
layout design of each signal processing unit increases, 
which also reduces the chip size. Further, as depicted, 
with respect to the arrangement of individual vertical 
photodetective sections in the photodetective unit, the 
individual signal processing units can be arranged in a 
side portion on an end side of the photodetective unit 
parallel to the first direction, whereby the chip size be- 
comes smaller, and an image sensor having a fonn sim- 
ilar to a square can be realized. 

(Fourth Embodiment) 

[0066] A fourth embodiment of the solid-state imaging 
device in accordance with the present invention will now 
be explained. Fig. 7 is a schematic block diagram of the 
solid-state imaging device in accordance with the fourth 
embodiment. The soiid-state imaging device In accord- 
ance with this embodiment comprises a photodetective 
unit 1 0 in which vertical photodetective sections 11j (j = 
1 to 1 6) are arranged, switches 20j (j = 1 to 1 6), integra- 
tor circuits 30j (j = 1 to 4), switches 40j (j = 1 to 4), shift 
register sections 91 to 94, and signal processing units 
1 0Oj (j = 1 to 4). Though the numbers of the vertical pho- 
todetective sections 11 and switches 20 are 16 each, 
whereas the numbers of integrator circuits 30 and 
switches 40 are 4 each here, they may be provided by 
greater numbers. 

[0067] In the photodetective unit 10, photodetectons 
12 are arranged two-dimensionally. Namely, in the pho- 
todetective unit 1 0, the photodetectors 12 are arranged 
in a first direction so as to form a vertical photodetective 
section 11j 0 = 1 to 1 6), whereas such vertical photode- 
tective sections 11j are arranged in a second direction. 
Each of the vertical photodetective sections 11j (j = 1 to 
16) has a configuration similar to the vertical photode- 
tective section 11 of the first embodiment. Each of the 
integrator circuits SOj (j = 1 to 4) has a configuration sim- 
ilar to that of the integrator circuit 30 of the first embod- 
iment. Each of the signal processing units lOOj (j = 1 to 
4) has a configuration similar to that of the signal 
processing unit 100 of the first embodiment, and com- 



prises a variable capacity integrator circuit 50, a com- 
parator 60, a capacity control section 70, and a readout 
section 80. 

[0068] . Each of the switches 20j (j = 1 to 16) corre- 

5 spends to the switch 20 of the first embodiment, where- 
as each of the switches 40j (j = 1 to 4) corresponds to 
the switch 40 of the first embodiment. Also, the switches 
20j (j = 1 to 1 6) and switches 40j (j = 1 to 4) act as se- 
lective connecting means for selectively connecting the 

10 vertical photodetective sections 1 1j (] = 1 to 1 6), integra- 
tor circuits 30j (j = 1 to 4), and signal processing units 
1 0Oj (j = 1 to 4) to one another. Namely, the switches 20j 
(j = 1 to 4) are disposed between the respective common 
signal output terminals of the vertical photodetective 

1S sections 11j and the input temninal of the integrator cir- 
cuit 30., . The switches 20j (j = 5 to 8) are disposed be- 
tween the respective common signal outputterminais of 
the vertical photodetective sections 11 j and the input ter- 
minal of the integrator circuit 3O2. The switches 20j (j = 

20 9 to 1 2) are disposed between the respective common 
signal output terminals of the vertical photodetective 
sections llj and the input terminal of the integrator cir- 
cuit 3O3. The switches 20j (] = 13 to 16) are disposed 
between the respective common signal output tenninals 

2s of the vertical photodetective sections 1 1 j and the input 
tennlnal of the integrator circuit 3O4. The switches 40j (j 
= 1 to 4) are disposed between the respective output 
terminals of the integrator circuit 30j and the respective 
input terminals of the signal processing units 100j. 

30 [0069] The shift register sections 91 to 94 control their 
corresponding switches 20j (J = 1 to 1 6) and switches 
40j (j = 1 to 4), acting as selective connecting means, 
so as to make them open and close. Further provided 
is a timing control section (not depicted). The timing con- 

35 trol section controls the respective switches 1 4 of the 
vertical photodetective sections 11j (j = 1 to 16), the re- 
spective reset switches 33 of the integrator circuits 30j 
(j = 1 to 4), and the respective reset switches 54 of the 
variable capacity integrator circuits 50 in the signal 

■to processing units 100j (j = 1 to 4) so as to make them 
open and close at their predetermined timings, and also 
controls operations of the respective capacity control 
sections 70 in the signal processing units 100j (j = 1 to 
4) and shift register sections 91 to 94. 

45 [0070] The solid-state imaging device in accordance 
with this embodiment operates as follows. Here, when 
the number of the vertical photodetective sections 11 Is 
16 as shown in Fig. 7, each of the switches 40j 0 = 1 to 
4) may be left closed. 

50 [0071] First, the respective shift register sections 91 
to 94 close only the switches 20.,, 2O5, 2O9, and 20.13 in 
the switches 20j (j = 1 to 16). As a consequence, the 
vertical photodetective section 11 1, switch 20.,, integra- 
tor circuit 30.,, switch 40^, and signal processing unit 

55 1 00^ attain the configuration of Fig. 1 in accordance with 
the first embodiment. The vertical photodetective sec- 
tion 1 1 5, switch 2O2, integrator circuit SOj, switch 4O2, 
and signal processing unit IOO2 also attain the configu- 
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ration of Fig. 1 in accordance with the first embodiment. 
The vertical photodetective section 11 g, switch 2O3, in- 
tegrator circuit 3O3, switch 4O3, and signal processing 
unit 1 0O3 also attain the conf igui'ation of Fig. 1 in accord- 
ance with the first embodiment. The vertical photode- 
tective section 11 .,3, switch 20^, integrator circuit 3O4, 
switch 4O4, and signal processing unit IOO4 also attain 
the configuration of Fig. 1 in accordance with the first 
embodiment. As these four sets operate in parallel in a 
manner similar to the operation of the solid-state imag- 
ing device in accordance with the first embodiment, dig- 
ital signals corresponding to the amounts of incident 
light detected by the individual photodetectors 12 in the 
vertical photodetective sections 11j Q = 1, 5, 9, 13) are 
outputted from the signal processing units 100^ (k = 1 ■ 
to 4) at the same time. 

[0O72] Subsequently, the respective shift register sec- 
tions 91 to 94 close only the switches 2O2, 206, 20^0, 
and 2O14 in the switches 20j (j = 1 to 1 6), whereby digital 
signals corresponding to the amounts of incident light 
detected by the individual photodetectors 1 2 in the ver- 
tical photodetective sections 11j (j = 2, 6, 10, 14) are 
outputted from the signal processing units lOO,; (k = 1 
to 4) at the same time. 

[0073] Further, the respective shift register sections 
91 to 94 close only the switches 203, 2O7, 20,^, and 20^5 
in the switches 20j (j = 1 to 16), whereby digital signals 
corresponding to the amounts of incident light detected 
by the individual photodetectors 12 in the vertical pho- 
todetective sections 11j (j = 3, 7, 11, 15) are outputted 
from the signal processing units 1 00^ (k = 1 to 4) at the 
same time. 

[0074] Then , the respective shift register sections 91 
to 94 close only the switches 2O4, 20q, 20■^2, and 20^6 
in the switches 20j (j = 1 to 16), whereby digital signals 
corresponding to the amounts of incident light detected 

by the individual photodetectors 12 in the vertical pho- 
todetective sections 11j (j = 4, 8, 12, 16) are outputted 
from the signal processing units 1 00,^ (k = 1 to 4) at the 
same time. 

[0075] As In the foregoing, the solid-state imaging de- 
vice In accordance with this embodiment yields not only 
effects similar to those exhibited by the solid-state im- 
aging device In accordance with the first embodiment, 
but also the following effects. Namely, In the solid-state 
imaging device in accordance with this embodiment, the 
number of integrator circuits, switches, and signal 
processing units is cut down, so that the total circuit 
scale is small, which reduces the chip size. Also, the 
degree of freedom in layout design of each signal 
processing unit increases, which also reduces the chip 
size. Further, as depicted, with respect to the arrange- 
ment of individual vertical photodetective sections in the 
photodetective unit, the individual signal processing 
units can be arranged in a side portion on an end side 
of the photodetective unit parallel to the first direction, 
whereby the chip size becomes smaller, and an image 
sensor having a fonnsimllartd a square can be realized. 



Industrial Applicability 

[0076] The present invention can be utilized for plck- 
upping two-dimensional light images and the like as a 

5 MOS type solid-state imaging device excellent in the ef- 
ficiency of transferring electric charges generated upon 
incident light. In particular, since its signal processing 
unit including a variable capacity integrator circuit, a 
comparator, and a capacity control section has a CDS 

*o function and A/D-converting function, it is useful in that 
improvement in S/N ratio and suppression of offset er- 
rors can be realized with a simple circuit configuration. 



15 Claims 

1 . A solid-state Imaging device having: 



a photodetector including a photoelectric con- 
version device for converting an incident optical 
signal into a current signal and a switch for out- 
putting said cun-ent signal to an output terminal; 
an integratorclrcultfor inputting and integrating 
the current signal outputted from the output ter- 
minal of said photodetector, so as to output a 
voltage signal to an outputterminal thereof; and 
a signal processing unit for processing the volt- 
age signal from said integrator circuit; 
said signal processing unit comprising: 

a variable capacity integrator circuit having 
a capacitor for inputting the voltage signal 
outputted from the output terminal of said 
Integrator circuit, an amplifier for Inputting 
to an Input tenninal the voltage signal out- 
putted from said capacitor, a variable ca- 
pacity part, disposed between the input 
and output terminals of said amplifier, hav- 
ing a variable capacity value, and a reset 
switch disposed between the input and out- 
put temninais of said amplifier, said variable 
capacity integrator circuit outputting from 
the output terminal of said amplifier an in- 
tegrated signal having a value correspond- 
ing to a change of the voltage signal input- 
ted to said capacitor; 

a comparator for inputting the integrated 
signal outputted from said variable capac- 
ity integrator circuit, comparing the value of 
said integrated signal with a reference val- 
ue in tenns of magnitude, and outputting a 
comparison result signal; and 
a capacity control section for inputting the 
comparison result signal outputted from 
said comparator, controlling the capacity 
value of said variable capacity part accord- 
ing to said comparison result signal, and 
outputting a first digital signal correspond- 
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ing to the capacity value of said variable ca- 
pacity part when it is determined according 
to said comparison result signal that the 
value of said integrated signal and said ref- 
erence value coincide with each other at a s 
predetermined resolution. 

2. A solid-state imaging device according to claim 1, 
wherein said signal processing unit further compris- 
es a readout section for inputting the first digital sig- io 
nal outputted from said capacity control section and 
outputting a second digital signal corresponding to 
said first digital signal. 

3. A solid-state imaging device according to claim 1 or is 
2, wherein said photodetectors are arranged in a 
first direction, while respective output terminals of 
the switches thereof are connected to each other 

so as to form a vertical photodetective section with 
a common signal output tenninal, M^ sets of said so 
vertical photodetective sections being arranged in 
a second direction so as to constitute a photodetec- 
tive unit; 

said solid-state Imaging device further com- 
prising: 2S 

M2 sets of said integrator circuits (where 
/M2</W1); 

M3 sets of said signal processing units (where 
M3^M2, M3<M^)■, and so 
selective connecting means for selectively con- 
necting IVI1 sets of said vertical photodetective 
sections, M2 sets of said Integrator circuits, and 
M3 sets of said signal processing units to one 
another. as 

4. A solid-state imaging device according to claim 3, 
wherein said signal processing units are disposed 
in a side portion on an end side of said photodetec- 
tive unit parallel to said first direction. 40 
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